Summary
Whole blood was tapped from the embryos of anaesthetized pregnant New Zealand rats using a micropipette of approximately 250 pm diameter, inserted through the uterine wall via a 5-mm incision in the anterior abdominal wall. The procedure was repeated 3 times (days 15, 17 and 19 of fetal life) in the same pregnant rats, and thereafter, twice in the surviving newborns (days 14 and 30 of neonatal life). Osmotic fragility of the red blood cells (RBC), reticulocyte counts and haemoglobin values of each sample were analysed. The fragility curve of the fetuses showed the presence of 2 types of cell population: a fragile and a more resistant type. This was correlated with the number of immature RBC (reticulocytes) in the samples. Starch gel electrophoresis of the haemoglobin revealed 4 fractions in both the fetuses and newborn animals.
Haemolytic diseases in laboratory animals have been previously discussed by Payne, Lewis, Murchison & Hart (1976) . One of the major tests in these diseases is the osmotic fragility test (Perk, Frei & Herz, 1964b) . Since the development of the automatic micromethod for the test (Danon, 1963) only a minute amount of blood is needed. Since amniocentesis and early detection of congenital diseases has become available in man, it would be useful if similar systems could be provided for laboratory animals.
In the present study, the osmotic fragility, immature (reticulocyte) RBC count and the haemoglobulin of rat fetuses are measured repeatedly in utero for the first time.
Materials and methods
A total of 20 female adult New Zealand rats were each mated with male rats of the same strain. The day after was recorded as day 0 of fetal life. At day 15 of fetal life the pregnant rats (19/20) were anaesthetized with ether and the peritoneal space exposed by a 5-mm-long incision through the anterior abdominal wall. A micropipette of approximately 250 pm diameter was inserted through the Received] 1 June 1983. Accepted 7 September] 983. uterine wall into the embryo and the pooled blood samples obtained from the fetuses of a certain rat were tested in the osmotic fragility, starch gel electrophoresis and reticulocyte count systems as described by Frei & Perk (1964) , Schalm (1965), Herz (1964a), and Smithies (1959) . This procedure was repeated also on days 17 and 19 of fetal life and each time the abdominal wall was surgically closed with external sutures. The fetuses which survived and were later delivered safely (24) were further bled as previously (Perk et at., 1964b) and tested in the above manner at 14 and 30 days of age.
Results
The results of the fragility tests and reticulocyte counts are summarized in Fig. I . In the fragiligrams, the cumulative curves represent the degree of haemolysis (ordinate-%) as a function of time (abscissa-min). The time values can be transferred into concentration values, e.g. 0'0 min :: 0'9% NaCl; 1'0 min = 0'67% NaCl; 2'0 min = 0'53% NaCl; 3'Omin= 0'42% NaCl;4'0 min = 0'35% NaCI and 7'0 min = 0'24% NaCI solution. The derivative curves marked the number of cell populations and their absolute values. The various curveS represent either the fragility of embryonal blood pools obtained from one of the pregnant rats (A-C) or pools of blood obtained from the survived newborn (D, E).
The osmotic fragility curves of blood obtained from 15-19-day-old fetuses consisted of 2 populations, a more resistant population and a more fragile one. The more fragile cells gradually dominated the erythrocyte population, so that 19-day fetuses had almost 90% of these cells in their blood. The process further progressed in the newborn rats, so that on days 14 and 30 they had developed the adult type of fragility pattern, which consisted of 100% of the fragile cell population.
In the reticulocyte count curves the results of 9 different fetuses of the appropriate age were gathered (designated reticulocyte) and compared with the percentage of the more resistant cell population as determined from the derivative curves of the respective fragiligrams. It is apparent Fig. 1 . Osmotic fragility curves (left) and their respective reticulocyte counts (right) in the blood of rat fetuses studied in utero and in newborns after delivery. Note that the presence of reticulocytes in the blood corresponded with the presence of a resistant RBC population. adult rat is concerned, they are similar to those previously described (Perk et al., 1964b) . No information concerning the rat embryonal characteristics was available, so that the results presented herein had to be compared with those obtained from rabbit embryos ex utero (Frei et al., 1964) which were generally similar to the present findings. This procedure can be adapted for use in other laboratory animals as well as for other purposes. that the reticulocyte counts are consistent with the more resistant population of the fetal RBC. The blood cell pictures of 19-day-old fetuses are presented in Fig. 2 . Huge numbers of reticulocytes are observed. The electrophoretic haemoglobin pattern of fetuses and adult rats are presented in Fig. 3 . 4 fractions were observed in both groups, with no apparent differences in their electrophoretic characteristics.
Discussion
The results described in this study represent the first long-term determination in utero of the osmotic fragility, reticulocyte count and haemoglobin composition of rat fetal RBC. As far as the Perk, K., Frei, Y. F. & Herz, A. (1964b) 
